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Molecular phylogeny of Aerides (Orchidaceae) based on one
nuclear and two plastid markers: a step in understanding the
evolution of the Aeridinae
Abstract
Phylogenetic relationships of the orchid genus Aerides (Epidendroideae, Vandeae, Aeridinae) from
Southeast Asia were inferred from DNA sequences of one nuclear (nrITS) and two plastid (matK,
trnL-trnL-F) regions of 48 taxa (21 Aerides, 25 other Aeridinae, 2 outgroup). Analyses of the combined
datasets with parsimony, maximum likelihood and Bayesian methods revealed that Aerides is
monophyletic and consists of three well-supported subclades which are only partly in accordance with
previous sectional delimitations based on floral characters. The two different flower types in Aerides
(hidden versus open spur entrance) seem to have evolved at least twice in geographically distinct areas.
The phylogeny presented here is yet another example in Orchidaceae where floral morphology cannot
be relied on to reconstruct phylogenetic history but rather is the result of pollinator-driven selection. The
Aerides subclades are characterized by three different length classes of the mutation-rich P8 region in
the trnL intron. To our knowledge, this is the first time that the P8 region was studied in orchids. The
matK gene has been assumed to be a pseudogene in orchids due to occasional occurrence of frameshift
indels, low transition/transversion (ts:tv) ratios and low substitution rates at the 3rd codon position.
However, matK does not appear to be a pseudogene in Aerides and a comparison with data from other
angiosperms suggests that ts:tv ratios and low substitution rates have been overestimated as arguments
for a pseudogene status of matK in orchids.
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Abstract 17 
Phylogenetic relationships of the orchid genus Aerides (Epidendroideae, Vandeae, 18 
Aeridinae) from Southeast Asia were inferred from DNA sequences of one nuclear (nrITS) 19 
and two plastid (matK, trnL-trnL-F) regions of 48 taxa (21 Aerides, 25 other Aeridinae, 2 20 
outgroup). Analyses of the combined datasets with parsimony, maximum likelihood and 21 
Bayesian methods revealed that Aerides is monophyletic and consists of three well-supported 22 
subclades which are only partly in accordance with previous sectional delimitations based on 23 
floral characters. The two different flower types in Aerides (hidden versus open spur 24 
entrance) seem to have evolved at least twice in geographically distinct areas. The phylogeny 25 
presented here is yet another example in Orchidaceae where floral morphology can not be 26 
relied on to reconstruct phylogenetic history but rather is the result of pollinator driven 27 
selection. The Aerides subclades are characterized by three different length classes of the 28 
mutation-rich P8 region in the trnL intron. To our knowledge, this is the first time that the P8 29 
region was studied in orchids. The matK gene has been assumed to be a pseudogene in 30 
orchids due to occasional occurrence of frameshift indels, low transition/transversion (ts:tv) 31 
ratios and low substitution rates at the 3rd codon position. However, matK does not appear to 32 
be a pseudogene in Aerides and a comparison with data from other angiosperms suggests that 33 
ts:tv ratios and low substitution rates have been overestimated as arguments for a pseudogene 34 
status of matK in orchids. 35 
 36 
Keywords: Bayesian analysis, biogeography, inversion, maximum likelihood, matK, orchids, 37 
pseudogene, pollinator-driven selection, parsimony, secondary folding, sectional 38 
reorganisation, trnL intron 39 
 40 
1. Introduction 41 
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 42 
The orchid genus Aerides Lour. consists of approximately 21 southeast Asian species 43 
ranging from India to Papua New Guinea. Aerides has a monopodial growth habit with more 44 
or less succulent leaves. Plants are medium to large-sized epi- or lithophytes with mostly 45 
pinkish coloured, heavily scented flowers. Their fragrance has made them a valuable source 46 
for the production of numerous artificial hybrids and cultivars. Aerides was described by 47 
Loureiro in 1790. The scientific name (gr. aer = air, eides = coming from) refers to the 48 
epiphytic growth habit, which was extraordinary for scientists in the eighteenth century. 49 
After Aerides was first described, many species previously placed in other genera have 50 
been moved to it. Conversely, dozens of orchid species once included in Aerides have now 51 
been removed from it (Table 1). Additionally, some species were described more than once 52 
under different names, reflecting the widespread occurrence of the genus throughout tropical 53 
Asia. Over the past two centuries, it gradually became clear that a combination of specialized 54 
column, lip, and spur morphology provides useful diagnostic characters for generic 55 
circumscription (Christenson, 1986). The flowers of Aerides species have a long column foot, 56 
i.e., a ventral extension of the column to which the lateral sepals and the lip are connected 57 
(Fig. 1). The lip is mostly three-lobed, bears longitudinal ridges and is attached to the top of 58 
the column foot with or without a hinge. The spur is curved forward and the rostellum has a 59 
longitudinal incision that divides it in two parts. 60 
Lindley (1833) included 26 species in Aerides and was the first who proposed an 61 
infrageneric delimitation advocating five sections (Cuculla, Tubera, Fornicaria, Pilearia, 62 
Ornithochilus). Only three of the species included by Lindley were considered to be 63 
congeneric with Aerides by later authors. Bentham (1883) recognized 16 species, of which six 64 
remained in Aerides in two sections (Planifoliae, Teretifoliae). Pfitzer (1889) also proposed a 65 
subgeneric classification of Aerides. In his treatment, five sections (Euaerides, Fieldingia, 66 
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Teretifolia, Ornithochilus, Phalaenidium) were described comprising 15 species, of which 67 
only three (A. odorata, A. quinquevulnera, A. rosea [= A. fieldingii]) are still placed in 68 
Aerides. Later, Hooker (1894) proposed three sections containing a total of 15 species. Only 69 
two of these sections include species still recognised as belonging to Aerides. Subsequent 70 
authors, e. g. Garay (1972, 1974), questioned all existing sectional delimitations of Aerides, 71 
because by then several species had been transferred to other genera, for example, 72 
Ornithochilus, Papilionanthe and Seidenfadenia. Pfitzer’s and Hooker’s section proposals 73 
were the last divisions until Christenson (1987, 1993, 1994, unpublished) raised four sections 74 
comprising 19 taxa (Table 1). 75 
While the genus Aerides itself seems clearly defined based on morphological characters, 76 
and concepts about its sectional delimitation exist, its relationships with other orchid genera 77 
are still largely unclear. Several orchid genera resemble Aerides in one trait or another, and 78 
artificial hybrids have been produced involving species of Aerides and members of other 79 
genera that phenotypically differ from it. Phylogenetically, Aerides is part of the largest 80 
orchid subfamily, i.e., the Epidendroideae. It belongs to the tribe Vandeae and is part of the 81 
subtribe Aeridinae (Dressler, 1993; Schlechter, 1996; van den Berg et al., 2005). The subtribe 82 
Aeridinae consists of 98 genera with 1352 species (Chase et al., 2003) and is the largest of the 83 
three subtribes in Vandeae. Though famous, economically important orchid genera, for 84 
example, Phalaenopsis and Vanda, are housed in this subtribe, its phylogenetic relationships 85 
remain unclear. All Aeridinae taxonomists have emphasised the difficulty of identifying 86 
informative characters. Senghas (1986-1990) and Seidenfaden (1988) proposed five groups of 87 
genera (‘Gattungsreihen’) based predominantly on pollinia morphology, but refrained from 88 
claiming that these groups were natural. According to these authors, Aerides belongs to a 89 
group of genera characterized by the presence of two cleft pollinia. Other genera placed in 90 
this same group by them were Ascochilus, Brachypeza, Dimorphorchis, Dryadorchis, 91 
Macropodanthus, Papilionanthe, Paraphalaenopsis, Phalaenopsis, Phragmorchis, 92 
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Pteroceras, Rhynchostylis, Robiquetia, Sedirea, Smithsonia, Trudelia (now in Vanda), 93 
Uncifera and Vanda. Some of these genera were considered to be related to Aerides by earlier 94 
authors, but others were never mentioned in this context. 95 
Recent molecular phylogenetic studies have focused on different groups in Aeridinae 96 
(Topik et al. 2005), including the leafless vandoids (Carlsward et al., 2006) and Phalaenopsis 97 
(Padolina et al. 2005; Tsai et al. 2006). Carlsward et al. (2006) identified Adenoncos and 98 
Vandopsis as closest relatives of Aerides based on nrITS data. Topik et al. (2005), on the 99 
other hand, provided weakly supported evidence for a sister-group relationship with 100 
Ascocentrum, Christensonia, Holcoglossum, Luisia, Neofinetia, Papilionanthe, 101 
Paraphalaenopsis, Rhynchostylis, Seidenfadenia, Thrixspermum, Vanda and Vandopsis based 102 
on matK and nrITS data. Interestingly, most of these genera once belonged to Aerides.  103 
Despite recent progress on the phylogeny of the Aeridinae, relationships of Aerides are still 104 
uncertain. Therefore, the molecular phylogenetic study presented here was aimed at 105 
addressing the following questions: (1) Does the current circumscription of Aerides according 106 
to Christenson (1994; Table 1) define a monophyletic group? (2) If Aerides is monophyletic, 107 
what are the intrageneric relationships? (3) What is the biogeographic history of Aerides? (4) 108 
What are the closest relatives of Aerides? To answer these questions, we produced DNA 109 
sequences of one nuclear ribosomal and two plastid DNA regions from 17 species Aerides, 25 110 
species of other Aeridinae, and two outgroup species. 111 
 112 
2. Material and Methods 113 
 114 
2.1. Sampling 115 
 116 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 6 
In total, 48 taxa were sampled, of which 21 were Aerides and 25 non-Aerides species from 117 
17 Aeridinae genera (Table 2). Two accessions of Aerides odorata were included, because 118 
two caryological types exist that also differ morphologically (Seidenfaden, 1988). The 119 
tetraploid Aerides odorata var. bicuspidata (4n = 76) has an erect inflorescence axis, a short 120 
column and a lip with a bicuspidate midlobe, whereas the normal Aerides odorata (2n = 38) 121 
has a pendent inflorescence axis, a relatively long column and a lip with an acute, entire or 122 
erose midlobe. To test for sequence variation, two accessions each of A. leena and A. 123 
quinquevulnera were sampled. Four species of Aerides were unavailable for this study (A. 124 
augustiana, A. burbidgei, A. maculosa, A. timorana). Due to the insufficient sampling and 125 
largely unresolved phylogenies available for Aeridinae, outgroup selection from within the 126 
subtribe was questionable. Therefore, we used the closely related epidendroid 127 
Ancistrorhynchus cephalotes (Rchb.f.) Summerh. of Vandeae subtribe Aerangidinae (Chase 128 
et al., 2003) and the more distantly related epidendroid Collabium simplex Rchb.f. of 129 
Collabieae subtribe Collabiinae (van den Berg et al., 2005) as outgroups. 130 
 131 
2.2. DNA extraction, PCR and sequencing 132 
 133 
DNA was extracted from silica gel or freeze dried leaf material following the SDS protocol 134 
of Eichenberger et al. (2000) or with the commercially available NucleoSpin extraction kit of 135 
Machery-Nagel (Düren, Germany) according to the manufacturers’ instructions. 136 
The selected DNA regions were amplified with a standard polymerase chain reaction 137 
(PCR). The primers F1 and R1 (von Balthazar et al., 2000) were used to amplify the entire 138 
nrITS region, comprising ITS1, 5.8S rDNA and ITS2, in a single reaction (Baldwin, 1992). In 139 
the chloroplast genome, primers c and f of Taberlet et al. (1991) were used to amplify the 140 
region from the trnL(UAA)5’ exon to the trnF(GAA) gene (from here on named the trnL-141 
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trnL-F region) in a single reaction. The complete matK gene and parts of the neighboring 5’ 142 
and 3’ trnK intron regions (hereafter termed matK) were amplified in one reaction using the -143 
19F forward (Kores al., 2000; Molvray et al., 2000) and R1 primers (Kocyan et al., 2004). In 144 
a few cases, matK needed amplification in two overlapping parts using the additional internal 145 
primers 834R and 580F (Kocyan et al., 2004). The PCR protocol used to amplify nrITS, trnL-146 
trnL-F and matK was as follows: initial denaturation at 95 °C for 5 min., 35 cycles of 30 sec 147 
at 95 °C denaturation, 1 min annealing (50 °C for nrITS, 55 °C for trnL-trnL-F, 49 °C for 148 
matK), 1 min 40 sec elongation at 72 °C, followed by a final elongation period of 7 min. at 72 149 
°C. Several species appeared to contain multiple copies of nrITS PCR products. These copies 150 
were cloned with the TOPO TA cloning kit® (Invitrogen). Up to eight clones per species 151 
were sequenced. 152 
PCR products were purified using either the GFX PCR DNA and Gel Band Purification 153 
Kit (Amersham Biosciences) or the Wizard SV Gel and PCR Clean-up system (Promega, WI, 154 
USA). Cycle sequencing reactions were performed using the same primers as above and the 155 
Big Dye Terminator kit v3.1 (Applied Biosystems, Warrington, UK) according to the 156 
manufacturers protocol except we used 1/4 to 1/8 of the recommended volumes. Additional 157 
primers used for sequencing were F2 and R2 for nrITS (von Balthazar et al., 2000), d and e 158 
for trnL-trnL-F (Taberlet et al., 1991), and 580F, 834R, 1082F and 1361R for matK (Kocyan 159 
et al., 2004). After cycle sequencing, products were cleaned by Sephadex G-50 Superfine gel 160 
filtration (Amersham) on MultiScreen TM-HV membrane plates (Millipore, Bedford, 161 
U.S.A.), according to the manufacturer's protocol, to remove unincorporated ddNTPs. 162 
Fragments were separated on an ABI 3100 or an ABI 3100 Avant capillary sequencer. 163 
 164 
2.3. Sequence editing and alignment 165 
 166 
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Sequences were assembled and edited using the software Sequencher (vs. 4.1; Gene Codes, 167 
Ann Arbor, MI, USA). Subsequently, all nrITS sequences were tested using the Basic Local 168 
Alignment Search Tool (BLAST) of GenBank to detect fungal and algal contaminants. 169 
Sequences were deposited to GenBank (for accession numbers, see Table 2). Nucleotide 170 
sequences were aligned by hand using MacClade 4.06 for OS X (Maddison and Maddison, 171 
2003). Borders of ITS1, 5.8S and ITS2 were identified by comparison with the nrITS 172 
sequence of Rhynchostylis gigantea from GenBank (accession number DQ091717). In all 173 
used markers, several nucleotide stretches were excluded from further analyses, because we 174 
could not assess positional homology. In the matK region a poly A and a poly T stretch at the 175 
3’ end of trnK were excluded. In trnL and nrITS, part of the hypervariable P8 region (see 176 
below) and a highly variable GC-rich region in ITS1 were excluded, respectively. In addition, 177 
we found an inversion of 70 base pairs (bp) length in the part of the P8 region included in the 178 
analysis (position 836 to 912) in three taxa (Aerides odorata var. bicuspidata, Smitinandia 179 
micrantha, Stereochilus dalatensis). This region was reverse-complemented in order to keep 180 
it in the matrix for further analyses (Graham et al., 2000, Kocyan et al., 2007). 181 
 182 
2.4. Determination of secondary structure of the trnL intron 183 
 184 
The intron between the trnLUAA5’ and the trnLUAA3’exons belongs to the class of group I 185 
introns. Conventions to draw the secondary structure of group I introns have been proposed 186 
by Cech et al. (1994) and a nomenclatural system to identify characteristic regions has been 187 
developed. One of the regions, the P8 stem-loop, is known to vary in size considerably (Cech 188 
et al., 1994; Borsch et al., 2003). We found this to be the case in Aerides as well. We decided 189 
to study the secondary structure of this region of Aerides for alignment optimisation. 190 
Predictions of secondary structures based on free-energy minimization were computed with 191 
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the mfold (version 3.2) server (Mathews et al., 1999; Zuker, 2003; 192 
http://www.bioinfo.rpi.edu/applications/mfold/) for a more adequate selection of parameters. 193 
Borders of the intron, the trnLUAA3’exon, the intergenic spacer and the partly sequenced 194 
trnFGAA gene were delimited as compared to the complete plastid genome of Phalaenopsis 195 
aphrodite ssp. formosana (GenBank accession AY916449) and Quandt et al. (2004). 196 
 197 
2.5. Phylogenetic Analyses 198 
 199 
Phylogenetic analyses were performed with PAUP* 4.0b10 (Swofford, 2002) for 200 
maximum parsimony reconstruction, GARLI v.0.942 (Genetic Algorithm for Rapid 201 
Likelihood Inference; Zwickl [2006]) for maximum likelihood (ML) inference, and MrBayes 202 
v3.1.2 (Ronquist and Huelsenbeck, 2003) for Bayesian analyses and calculation of posterior 203 
probabilities. To test for substantial topological discrepancies, analyses of sequences from 204 
each of the three markers were performed independently with parsimony methods, whereas 205 
analyses of the combined matrices were investigated with all three optimality criteria. First, 206 
each one of the three regions was analyzed independently. Then, the two plastid regions were 207 
analyzed in combination. Finally, the nrITS and plastid regions were combined in a global 208 
data matrix ad analyzed together. For the combined analysis, a single nrITS sequence was 209 
chosen to represent each species in which ITS was cloned. Representative sequences were 210 
chosen based on the amount of topological congruence with the plastid trees and their 211 
sequence characteristics as compared to the other sequences in the nrITS dataset. Resulting 212 
trees were drawn with TreeGraph (Müller and Müller, 2004).  213 
Heuristic parsimony analyses were conducted in combination with PRAP (Parsimony 214 
Ratchet Analyses using PAUP* version 4.0b10; Müller [2004]), which executes ratchet 215 
searches to find the shortest (unconstrained) trees. This search resulted in a strict consensus 216 
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tree of all shortest trees found during 10 random addition cycles of 200 ratchet iterations 217 
using a simple-taxon-addition tree as the starting point, TBR swapping, steepest descent not 218 
in effect, and one tree held in memory (MulTrees inactivated). Gaps were treated as missing 219 
data. Statistical support was assessed by non-parametric bootstrapping as implemented in 220 
PAUP. Parsimony bootstrap support values (BSPA) were based on 10,000 replicates with 221 
heuristic settings as above. More computationally intensive heuristic approaches have been 222 
found not to increase the reliability of BS (Müller, 2005). 223 
In its standard settings, GARLI performs heuristic phylogenetic searches under the General 224 
Time Reversible (GTR) model of nucleotide substitution, with gamma distributed rate 225 
heterogeneity (G) and a proportion of invariant sites (I), which we also used in this analysis. 226 
Runs were started from independent random starting trees. Indels were excluded from the 227 
analysis. The analysis was repeated three times to detect potential incongruences originating 228 
from different starting conditions. Generation number was set to five million, but analyses 229 
stopped earlier when the automated stopping criterion was activated. This was achieved when 230 
no new, significantly better scoring topology was encountered. A maximum likelihood 231 
heuristic BS (BSML) search was performed with 100 replicates. 232 
The evolutionary model for the Bayesian analyses was selected from the 24 models 233 
implemented in MrModeltest 2.2 (Nylander, 2004), employing the Akaike information 234 
criterion. For the final combined data set, the best fit was the general time-reversible (GTR) 235 
model (Lanave et al., 1984), a gamma shape parameter (G) and a parameter accounting for the 236 
proportion of invariant sites (I). Substitution models for Bayesian analyses as well as the final 237 
analysis were calculated after exclusion of indels. Four Markov chains were used, starting 238 
from random trees, and 1 million generations were run, saving every 100th tree. The first 239 
2500 trees sampled were discarded as burn-in (based on the inspection of the stationarity plot 240 
in MrBayes), and a 50% majority rule consensus tree was calculated for the remaining 1500 241 
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trees. Bayesian analyses were repeated three times to assure parameter convergence. 242 
To investigate the phylogenetic utility of some floral morphological characters used for 243 
sectional delimitation in Aerides (Christenson, 1987) and find morphological synapomorphies 244 
for molecular clades, character state evolution was reconstructed using the maximum 245 
likelihood tree of the combined analysis of all three gene regions by applying parsimony 246 
assumptions with the Trace Character facility in MacClade version 4 under accelerated 247 
character transformation (ACCTRAN) optimization (Maddison and Maddison, 2003). 248 
 249 
2.6. Pseudogene and matK 250 
 251 
The generated matK sequences were individually screened for frame shifts and stop 252 
codons to investigate whether some of them might in fact represent pseudogenes (Whitten et 253 
al., 2000). In addition, we calculated the ratio between transitions (ts) and transversions (tv) 254 
and their respective consistency (CI) and retention indices (RI). The number of transversions, 255 
their CI, and RI were obtained by using a step matrix that downweighted the transitions to 256 
zero and by reconstructing the distribution of the transversions on one of the most 257 
parsimonious trees of the combined plastid dataset from the parsimony analyses under 258 
ACCTRAN optimization using PAUP* 4.0b10 (Swofford, 2002). Combined data of all three 259 
datasets were not used in this case because of the topological differences between plastid and 260 
nuclear data. The corresponding values for transitions were obtained by subtracting the values 261 
obtained for transversions from the values calculated for the plastid data matrices (Goldman 262 
et al., 2001; Gravendeel et al., 2001; Whitten et al., 2000). Borders of the matK gene were 263 
identified by locating start codons and stop codons and comparison with the matK accession 264 
of Christensonia vietnamica from GenBank (AB217720). 265 
 266 
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3. Results 267 
 268 
3.1. Analysis of plastid data 269 
 270 
In total, matK sequences were generated from 47 accessions. The alignment contained 271 
1728 positions of which 1563 represented the open reading frame of the gene. 19 positions 272 
were excluded. Of the 1709 bp remaining positions, 1451 characters were constant, 164 273 
variable but parsimony uninformative and 94 variable and parsimony informative. The 274 
parsimony search produced 379 equally most parsimonious trees with a CI of 0.77 and a RI of 275 
0.77. Overall, the resulting strict consensus tree showed little resolution. Aerides was 276 
scattered over three clades of which the largest and best supported clade comprised Aerides 277 
species belonging to the sections Aerides, Rubescens and Falcata (BSPA 99%; hereafter, 278 
termed ‘Aerides’ clade). The second clade (‘Fieldingia’ clade) consisted of the section 279 
Fieldingia and the third of Aerides crispa (sect. Falcata), A. emericii (sect. Aerides), A. 280 
ringens (sect. Falcata) (BSPA 99%) plus A. sukauensis (sect. Falcata) (BSPA 62%; 281 
subsequently referred to as the ‘Crispa’ clade). Of the remaining taxa, only Luisia (BSPA 282 
73%) together with Paraphalaenopsis (BSPA 75%) and Stereochilus-Smitinandia-Vandopsis-283 
Pomatocalpa-Trichoglottis (BSPA 52%; subsequently referred to as the ‘SSVaPoT clade’) 284 
received some statistical support.  285 
In contrast to the other species, Aerides crispa, A. emericii and A. ringens contained a 2 bp 286 
deletion located 20 bp from the 5’end of the matK gene that caused frame shifts and multiple 287 
internal stop codons, indicating that matK might be a pseudogene in these species. Upstream 288 
of the indel, the sequences aligned perfectly with the sequences of the other taxa. The overall 289 
ratio of ts:tv was 1.12. The number of variable sites at 3rd codon position was 160 as 290 
compared to 86 (at the 1st position) and 93 (at the 2nd position). 291 
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The trnL-trnL-F region was successfully amplified and subsequently sequenced for 47 292 
accessions. The alignment consisted of 1695 positions. The sequences of the ingroup showed 293 
substantial length variation ranging from 1311 to 904 bp mainly caused by a hypervariable 294 
zone of unalignable TA repeats in the P8 region of the intron between the trnL (UAA) 5’ and 295 
the trnL (UAA) 3’ exons. This zone was excluded from further analyses. Of the 1392 296 
remaining positions, 1121 characters were constant, 168 parsimony uninformative and 103 297 
parsimony informative. The parsimony analysis resulted in 390 equally most parsimonious 298 
trees with a CI of 0.79, a RI of 0.77 and a tree length of 394 steps. With the exception of the 299 
Crispa clade, all other Aerides species were grouped together in one clade with low statistical 300 
support (BSPA 55%). The second clade with some support consisted of Vanda, Seidenfadenia, 301 
Christensonia, Ascocentrum, Neofinetia, Holcoglossum and Rhynchostylis. 302 
Separate analyses of both plastid regions did not produce contradicting topologies, hence 303 
they were subjected to a combined analysis to improve branch support and resolution. The 304 
matrix included 48 taxa. Of the 3101 characters analysed, 197 were parsimony informative. 305 
The parsimony analysis resulted in 123 most parsimonious trees with a length of 781 steps, a 306 
CI of 0.775 and RI of 0.763. Resolution was higher than in the single-gene analyses and 307 
especially the PP of the Baysian analysis indicated strong support (1.00) for the monophyly of 308 
Aerides (Fig. 2). In contrast, BSML (60%) indicated only moderate support for this clade and 309 
BSPA no support at all. The topology of the Aerides clade was the same as found in the single 310 
gene analyses. The Crispa clade was sister to the Fieldingia and Aerides clades. Within the 311 
Aerides clade, the species occuring in Thailand and Vietnam formed a well-supported 312 
subclade (BSPA 83%, BSML 87%, PP 1.00; A. falcata var. houlletiana, A. rubescens, A. 313 
odorata var. bicuspidata). Aerides was found to be sister to a clade comprising Rhynchostylis 314 
(BSPA 99%, BSML 77%, PP 1.00), Paraphalaenopsis-Luisia (BSPA 100%, BSML 100%, PP 315 
1.00; subsequently referred to as the terete-leafed clade as the species included all have terete 316 
leaves) and Vanda-Neofinetia-Christensonia-Seidenfadenia-Ascocentrum-Holcoglossum 317 
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(BSPA 62%, BSML 62%, PP 1.00; subsequently referred to as the Vanda s.l. clade). The 318 
SSVaPoT clade (BSPA 68%, BSML 83%, PP 1.00) received some support as well. The 319 
relationships of Thrixspermum-Dimorphorchis and Sedirea remained unresolved. 320 
 321 
3.2. Analysis of nuclear data 322 
 323 
In total, 71 nrITS sequences were generated from 43 accessions representing 38 species. 324 
Aerides huttonii, A. odorata, A. odorata var. bicuspidata, one accession of A. leeana, A. 325 
multiflora, A. thibautiana, Aerides aff. lawrenciae, Seidenfadenia mitrata, Vanda flabellata 326 
and Vanda tricolor contained polymorphic sites and were subsequently cloned. Most species 327 
cloned showed little variation in sequence length and composition, with the exception of A. 328 
multiflora, which possessed two large indel regions in four of the seven clones and substantial 329 
sequence variation in the 5.8S region. In all phylogenetic analyses, the clones grouped 330 
according to the presence or absence of indels. One clone of Seidenfadenia mitrata did not 331 
group together with the other clones. 332 
It is difficult to predict whether a nrITS sequence belongs to a fully functional gene or a 333 
non-functional pseudogene, though low GC content, mutations and indels in the 5.8S gene are 334 
possible indications of pseudogene status. Lower GC contents were found in putative 5.8S 335 
pseudogenes as compared to putatively correct copies (0.43-0.5 versus 0.53-0.54). We also 336 
counted 5-12 indels in the 5.8S gene of all A. multiflora clones and six in the directly 337 
sequenced 5.8S gene of A. rosea. However, the topological positions of most of these clones 338 
are probably correct, for they are (almost) identical to the positions in the plastid analyses but 339 
conspicuously differ by the longer branch lengths. That pseudogenes may possess the correct 340 
phylogenetic information was shown by Razafimandimbison et al. (2004), but phylogenies 341 
based on nrITS pseudogene sequences are not necessarly correct (Álvarez and Wendel 2003). 342 
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This observation might explain why Aerides odorata was sister to the rest of the Aerides clade 343 
(Fig. 3), a position that was not found in the analyses of the plastid sequences, which also 344 
have the posssibility of giving an incorrect phylogeny (maternally inherited gene genealogy). 345 
The hypothesis that the sequenced nrITS clones of A. odorata are pseudogenes is further 346 
supported by the presence of five mutations and a 1bp indel in the 5.8S gene of all three 347 
clones. One nrITS copy of A. multiflora was also placed in a phylogenetic position that was 348 
incongruent with the results of the plastid data set. In the combined analysis of plastid and 349 
nrITS regions, only one copy was used. The copy chosen was of the non-indel type, in order 350 
to maintain maximum homogeneity of the sequences and minimum loss of informative 351 
positions.  352 
The final alignment comprised 1143 positions, of which 916 were included in the analysis. 353 
A total of 283 characters were parsimony informative and 1630 most parsimonious trees were 354 
found with a CI of 0.67, a RI of 0.86 and a tree length of 769. The maximum likelihood nrITS 355 
tree was slightly better resolved than the plastid trees: Aerides formed a weakly supported 356 
monophyletic group (BSPA -, BSML -, PP 0.59) consisting of the same three internal subclades 357 
as described above (Fig. 3). In contrast to the combined plastid tree, the Fieldingia clade was 358 
found to be sister to the Aerides and Crispa clades. In the Aerides clade, Aerides inflexa, A. 359 
thibautiana, A. huttonii, and A. aff. lawrenciae formed a moderately supported subclade. All 360 
members of this subclade occur in Sulawesi. Aerides was part of a larger clade comprising 361 
Rhynchostylis and parts of the SSVaPoT clade. The Vanda s.l. clade (excl. Holcoglossum) 362 
was well supported (BSPA 80%, BSML 69%, PP 0.98) with one clone of Seidenfadenia mitrata 363 
excluded which was sister to the Vanda s.l. clade. This clade comprised Seidenfadenia 364 
mitrata and Ascocentrum curvifolium (BSPA 98 %, BSML 97%, PP 1.00), Christensonia 365 
vietnamensis and Vanda flabellata (BSPA 96 %, BSML 93%, PP 1.00), V. tricolor, V. pumila 366 
and Neofinetia falcata. Holcoglossum fell in the terete-leafed clade. Sedirea formed a clade 367 
with the Vanda s.l. and terete-leafed clade. The Bayesian analysis supported a sister 368 
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relationship between Thrixspermum and Dimorphorchis. Indications of hybridazation such as 369 
intermediate morphologies, overlapping distribution, incongruent nrITS and cpDNA 370 
topologies, and double peaks in the nrITS were not found. Hence, we combined the cpDNA 371 
and nrITS DNA datasets. 372 
 373 
3.3. Analysis of combined plastid and nuclear data 374 
 375 
Analysis of the combined plastid and nuclear data resulted in slightly better resolved trees 376 
than all single molecular marker trees (CI 0.720, RI 0.737, length 1435, 73 trees). All Aerides 377 
species grouped together in the same clades as before (BSPA 78%, BSML 82%, PP 1.00; Fig. 378 
4). The Fieldingia clade was sister to the Aerides and Crispa clades. In the Aerides clade, 379 
Aerides leeana, A. lawrenciae, A. quinquevulnera and A.odorata formed a monophyletic 380 
group of species occurring on the Philippines and Borneo (BSPA -, BSML 80%, PP 0.98). The 381 
terete-leafed clade (excl. Holcoglossum) was sister to the Vanda s.l. clade (BSPA 100%, BSML 382 
96%, PP 1.00). The SSVaPoT clade received good support (BSPA 78%, BSML 90%, PP 1.00) 383 
as well. According to the Bayesian analysis (PP 1.00), Rhynchostylis should be considered 384 
sister to the Aerides and SSVaPoT clade. Thrixspermum-Dimorphorchis (BSPA 100%, BSML 385 
100%, PP 1.00) and Sedirea was sister to all other Aeridinae analysed but without statistical 386 
support. 387 
 388 
3.4. Analysis of the P8 region of the trnL intron 389 
 390 
In the P8 region (857 aligned positions) of the trnL intron, substantial length variation was 391 
found between the analyzed taxa (Table 3). The length of the region varied from 200 bp 392 
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(Aerides rosea) to 629 bp (Holcoglossum kimballianum). In Aerides, different length classes 393 
of the P8 region could be found: the Fieldingia clade was characterised by a 536 bp deletion 394 
that included a hypervariable TA zone. All members of the Aerides clade had a P8 region 395 
with a length of 438-450 bp. The Crispa clade had P8 regions with lengths varying from 479 396 
to 496 bp. The basic length in this clade was probably 471 bp, some inserts in unalignable 397 
regions seemed to be caused by slipped-strand mispairing events. Outside Aerides, it was 398 
difficult to trace patterns in P8 length classes, for most genera were represented by only one 399 
species. For those genera where more than one species was sequenced, some common 400 
insertions, duplications and deletions were detected. On the other hand, closely related taxa 401 
(Holcoglossum kimaballianum, H. subulifolium) were found to have massive length 402 
differences, caused by a variable number of TA repeats. A 70 bp inversion, present in the P8 403 
region of the unrelated Aerides odorata var. bicuspidata, Smitinandia micrantha and 404 
Stereochilus dalatensis, might be caused by a hairpin formation in secondary structure folding 405 
(Figs. 5, 6). No mutations were detected in this inversion. Three different folding patterns 406 
were detected in which only parts of the P8 region (sections 8.0 and 8.1, Fig. 6) were 407 
identical. The first section of the P8 region was largely identical in members of the Aerides 408 
and Crispa clades. 409 
 410 
4. Discussion 411 
 412 
4.1. Relationships within Aerides 413 
 414 
The first cladistic analysis of Aerides and potentially allied genera was conducted by 415 
Christenson (1987) using morphological characters only. The analysis did not include 416 
calculations based on mathematical algorithms. Instead, data were manually optimised to 417 
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produce the most parsimonious tree. This tree supported the monophyly of Aerides and the 418 
four sections proposed by Christenson. Aerides was characterised by an elongate, apically 419 
dilated column with a rostrate rostellum. Our results also support the monophyly of Aerides as 420 
circumscribed by Christenson (1987), but Christenson’s four sections only partially 421 
correspond to the three subclades of Aerides in our combined tree (Fig.4). 422 
Section Fieldingia of Christenson was supported as monophyletic in all of our analyses 423 
(Figs. 2-4). The species in this clade have a restricted geographic distribution (from Eastern 424 
Himalayas to Peninsular Malaysia). Character-state reconstruction defined section Fieldingia 425 
by the following unique combination of morphological synapomorphies: flowers with a one-426 
lobed lip without articulation and with an underdeveloped column foot a large epichile 427 
parallel with the column and a callus obstructing the spur's throat and a purple perianth (Fig. 428 
4). In addition, some parts of the labellum epidermis are covered with conical papillae 429 
(Kocyan et al., in prep.). The other two clades were defined by flowers with a three-lobed lip, 430 
articulation and clearly developed column foot, pigmented tepals and a callus not obstructing 431 
the throat. 432 
The second (‘Crispa’) clade was found to contain species with large geographical and 433 
morphological differences (Fig. 4). Aerides ringens, A. crispa and A. emericii are from 434 
Southern India and the Andaman-Nicobar Islands, respectively, whereas A. sukauensis was 435 
described recently from Sabah, Borneo (Shim, 2004). Aerides crispa and A. ringens were 436 
previously assigned to sect. Falcata and A. emericii to sect. Aerides. No sectional placement 437 
was ever proposed for Aerides sukauensis, but based on Christenson’s criteria of sectional 438 
delimitation, it would be part of section Falcata. The relationship between the species in the 439 
‘Crispa’ clade is morphologically supported by the absence of a nectar cover in the spur (Fig. 440 
7). Instead, the spur is laterally flattened. This lateral flattening may possibly act as a 441 
functional nectar cover. A nectar cover or ‘Saftdecke’ was first described by Sprengel (1793) 442 
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as a structure occurring in tubular nectar holding organs such as spurs. Sprengel interpreted 443 
nectar covers as a protection against raindrops. Others interpreted these structures as 444 
protection against nectar thieves or evaporation.  445 
The third (‘Aerides’) clade comprised Aerides species previously assigned to sections 446 
Aerides, Falcata and Rubescens. The plastid and nuclear datasets revealed different internal 447 
topologies for this clade. In the plastid tree, Aerides crassifolia was found to be sister to the 448 
remaining species, whereas in the nrITS tree, Aerides odorata was most distantly related to 449 
the other species. It is possible that the nrITS sequence of this particular species was retrieved 450 
from a pseudogene. Consequently, the nrITS sequence of A. odorota was omitted from the 451 
combined analysis of plastid and nuclear sequences. Interestingly, Aerides odorata var. 452 
bicuspidata did not group with A. odorata, but with A. rubescens (in all trees) and A. falcata 453 
var. houlletiana (in the plastid tree). Aerides crassifolia and A. falcata var. houlletiana share 454 
identical floral characters and were previously placed in sect. Falcata. It must be stated, 455 
though, that only half of the nrITS sequence of Aerides falcata var. houlletiana could be 456 
obtained and that it was not cloned. Hence, the wrong paralog might be included in the 457 
analysis. The topological positions of Aerides crassifolia, A. crispa, A. falcata var. 458 
houlletiana and A. ringens (all species previously assigned to sect. Falcata by Christenson) 459 
show that sect. Falcata is not a natural group (Fig. 4). The ‘Aerides’ clade is characterized by 460 
the presence of a nectar cover in the spur. 461 
An explanation can be provided for the discrepancies found between the traditionally 462 
recognized sections of Aerides and the molecular clades found in this study. Orchids are 463 
considered a paramount example of evolution through floral diversification (Cozzolino and 464 
Widmer, 2005). Before the molecular era, orchid systematics was mainly based on floral 465 
morphological traits. However, these traits are homoplastic and thus usually unsuitable for 466 
phylogenetic reconstruction because, as the result of pollinator-mediated selection, they 467 
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reveal ecology rather than phylogeny (Bateman et al., 1997; Aceto et al., 1999; Cozzolino et 468 
al., 2001; Gravendeel et al., 2001). A well-known and illustrative example is the genus 469 
Orchis, which was split into four different genera based on phylogenetic analyses using nrITS 470 
sequences (Bateman et al., 1997; Aceto et al., 1999). Parts of the traditionally recognized 471 
genus Orchis (mostly pollinated by deceited bees or bumble bees) were recently united with 472 
the morphologically unrelated Lepidopteran pollinated Anacamptis. The flowers of both 473 
genera look very different but cytological and mycorrhizal data support the merge. In Aerides, 474 
character-state optimization suggests that flowers with a labellum with a midlobe 475 
perpendicular to the sidelobes (the syapomoprhy previously used to circumscribe sect. 476 
Falcata) evolved at least twice (in southern India and Indochina; Fig. 4). Similarly, flowers 477 
with curved spurs with calli (the synapomorphy previously used to circumscribe sect. 478 
Aerides) evolved two independent times in the Andaman-Nicobar Islands and Indochina- 479 
Malesia (Fig. 4). Knowledge on pollination of Aerides might be helpful to further understand 480 
the homoplasious nature of these character-states. Unfortunately, the pollination record of 481 
Aerides is still very poor. Carr (1928) reported a Xylocopa bee pollinating Aerides odorata 482 
and Abishkar Subedi photographed Xylocopa sp. visiting the same species (Fig. 7C). This is a 483 
group of bees that is strong and big enough to ‘open’ the hidden nectar-bearing spur of A. 484 
odorata. Most other Aerides species have flowers that are more open (e.g. Aerides falcata var. 485 
houlletiana [see Fig. 1C], A. crispa and A. crassifolia), thus also allowing other bee groups to 486 
access the nectar. The flowers of Aerides rubescens are red to pale rose pink and might be 487 
pollinated by birds. 488 
 489 
4.2. Sectional reorganisation of Aerides 490 
 491 
Based on the molecular results of this study and the newly identified spur character as a 492 
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diagnostic feature, we propose to reorganise the genus Aerides at the sectional level. In the 493 
listing below, only those species are included which were sequenced in this study. The status 494 
of the remaining species must be clarified by further sequencing and inspection of flowers. 495 
 496 
Aerides Lour. 497 
Monopodial epiphytes, or lithophytes. Leaves distichous, alternate, strap-shaped, flat to v-498 
shaped in section, coriaceous to crassulate, apex obliquely emarginate, mucronulate. 499 
Inflorescence axillary, multi-flowered, branched or not, arching to pendent or rarely erect. 500 
Median sepal smaller than the lateral sepals which are inserted on the column foot. Petals 501 
similar to the dorsal sepal. Lip 3- or 1-lobed, mostly articulate to the column foot; lateral 502 
lobes upright, inflexed, or fused to the column foot as column wings; midlobe erect or flat. 503 
Spur funnel-shaped, incurved (sometimes straight), conical, sometimes laterally flattened, 504 
inside with or without a bifid swelling. Column bird head like, beaked, usually with a long 505 
column foot. Pollinia 2, weakly unequally cleft; viscidium heart shaped. Stigma distinctly 506 
sunken. 507 
 508 
Key to the sections: 509 
1a. Lip 1-lobed, not articulate. Column foot underdeveloped.  section Fieldingia 510 
1b. Lip 3-lobed, articulate. Column foot distinctly developed.  2 511 
2a. Spur inside with a bifid swelling. Distal part of spur not flattened section Aerides 512 
2b. Spur inside without a two-parted swelling. Distal part of spur laterally flattened 513 
          section Crispa 514 
 515 
Aerides § Aerides 516 
Type: Aerides odorata Lour., Fl. Cochinch.: 525 (1790). 517 
Lip 3-lobed, articulate. Column foot distinctly developed. Spur in the distal part on the inside 518 
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with a bifid swelling. 519 
Aerides crassifolia 520 
Aerides falcata var. houlletiana 521 
Aerides inflexa 522 
Aerides huttonii 523 
Aerides lawrenciae 524 
Aerides leeana 525 
Aerides odorata var. bicuspidata 526 
Aerides quinquevulnera 527 
Aerides rubescens 528 
Aerides thibautiana 529 
 530 
Aerides § Crispae Kocyan, de Vogel, E.Conti & Gravendeel, sect. nov. 531 
Type: Aerides crispa Lindl., Gen. Sp. Orchid. Pl.: 239 (1833). 532 
Eadem est ac sectio Aerides sed sine protuberatione bifida in calcare. 533 
As in section Aerides, but without a bifid swelling in the spur. 534 
Aerides emericii 535 
Aerides ringens 536 
Aerides suakauensis 537 
 538 
Aerides § Fieldingia Pfitzer in Engler & Prantl., Nat. Pflfam., ed. 1, 2(6): 217: 1889, emend. 539 
Christenson. 540 
Type: Aerides fieldingii B.S.Williams, Orch. Grow. Man., ed. 2: 39. 1862 (= A. rosea Lindl. 541 
& Paxton). 542 
Lip 1-lobed, not articulate, column foot underdeveloped. 543 
Aerides krabiensis 544 
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Aerides multiflora 545 
 546 
4.3. Biogeography of Aerides 547 
 548 
Several interesting distribution patterns can be found in the Aerides clade. First, Aerides 549 
inflexa, A. thibautiana, A. huttonii and A. aff. lawrenciae formed a moderately supported 550 
clade in the nrITS tree (Fig. 3). All of the sampled accessions originated from Sulawesi, 551 
which may suggest a geographic rather than a morphological signal at the intrasectional level. 552 
The grouping of Aerides falcata var. houlletiana, A. rubescens and A. odorata var. 553 
bicuspidata in the plastid tree may also be explained by geography, for these three accessions 554 
had their origin in the neighbouring countries Thailand and Vietnam (Fig. 2). A third group 555 
found both in the plastid and nrITS trees comprises Aerides leeana, A. lawrenciae, A. 556 
quinquevulnera and A. odorata accessions from the Philippines and Borneo (Figs. 2, 3). The 557 
different topological positions of the accessions from Sulawesi and Borneo-Philippines may 558 
be best explained by the recent geological and climatic history of this region. During the early 559 
Pleistocene, most of the land masses of Southeast Asia had reached their current positions. In 560 
the course of the Pleistocene, several major events of sea level lowering concomitant with 561 
Northern glaciations resulted in the connection of the Malay Peninsula, Sumatra, Java and 562 
Borneo. A connection between the Philippines and Borneo existed neither in the Pleistocene 563 
nor in earlier epoches (Hall, 1998; Inger and Voris, 2001). The latest potential connection 564 
between South Eastern Borneo and a precursor of Sulawesi dates back 50 million years ago 565 
(Moss and Wilson, 1998). A molecular clock study calibrated with vicariance events 566 
estimated a maximum age of 17 myr for subtribe Coelogyninae (Gravendeel et al., 2005). 567 
Vandoid orchids cannot be older than this because their lineage originated later (van den Berg 568 
et al., 2005). Another molecular clock study calibrated with fossils (Ramirez et al., in press) 569 
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also estimated that the age of origin for the higher epidendroids is younger than 50 myr. 570 
Hence, it seems likely that Aerides originated after Borneo and Sulawesi were permanently 571 
separated. This implies that speciation in Aerides resulted from a single immigration event 572 
and subsequent local radiations, which might explain the relatively high Aerides diversity in 573 
the Philippines (at least four species) and Sulawesi (at least six species). The number of 574 
species in the Philippines and Sulawesi is higher than in Borneo, where only Aerides odorata 575 
and the local endemic A. sukauensis occur.  576 
Aerides odorata has the widest distribution of all Aerides species, and it occurs from the 577 
Himalayas to the Philippines. This species seems to have overcome all geographic barriers 578 
and probably used wind dispersal of its dust seeds (Arditti, 1992). Although it is 579 
morphologically homogenous and easy to identify, at least two colour morphs exist which are 580 
geographically separated. Specimens from Indochina and Malay Peninsula have white to pink 581 
spurs, whereas those from Borneo-Philippines have yellow spurs. This pattern is also 582 
supported by different, but geographically consistent fragrances (A. Kocyan, pers. obs.). 583 
Plastid sequences of some Aerides odorata accessions were dispersed in different subclades 584 
(A. Kocyan; pers. obs.). 585 
 586 
4.4. Relationship to other Aeridinae 587 
 588 
The nrITS and combined plastid trees suggests that Aerides is closely related to the 589 
SSVaPoT clade and Rhynchostylis but more distantly related to Vanda s.l. and the terete-590 
leafed clade. However, when analysing the plastid data separately, the opposite topology was 591 
found. In Topik et al. (2005) nrITS and matK trees, Aerides grouped together with Vanda, 592 
Christensonia, Ascocentrum, Neofinetia, Holcoglossum and Seidenfadenia, but Rhynchostylis 593 
was not included in their sampling. As their sampling at the generic level was much higher 594 
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than ours, the conflicting topology of our analysis might be an effect of our smaller taxon 595 
sampling, which is in concordance with an extensive literature record discussing the effect of 596 
missing taxa (Graybeal, 1998; Zwickl and Hillis, 2002; Pollock et al., 2002; Hillis et al., 597 
2003). 598 
For many years, Sedirea japonica was taxonomically placed in Aerides. However, Garay 599 
and Sweet (1974) recognised its distinctiveness and transferred it in its own genus Sedirea, 600 
which is the anagram of Aerides. A close relationship of Sedirea with Aerides could neither 601 
be confirmed in our studies nor in Topik et al. (2005). Yet, we found indications that Sedirea 602 
could be the sister taxon to all other Aeridinae (Topik et al., 2005; this study). A more 603 
thorough sampling at the generic level and sequencing of more variable gene regions is 604 
necessary to further clarify the phylogenetic position of Sedirea. 605 
 606 
4.5. Relationships among non-Aerides clades 607 
 608 
According to Topik et al. (2005) and Carlsward et al. (2006), Vanda is polyphyletic and 609 
related to Christensonia, Ascocentrum, Seidenfadenia, Neofinetia and Holcoglossum and 610 
possibly Aerides. Both studies also found a sister relationship between Vanda flabellata 611 
(earlier described as Aerides flabellata) and Aerides odorata. We did not find this in our 612 
analysis, as V. flabellata was deeply nested in the Vanda s.l. clade. A clarification of the 613 
relationships within Vanda is the subject of an ongoing PhD-project (Gardiner et al., 2005). 614 
A close relationship between Paraphalaenopsis and Gastrochilus, as proposed by Senghas 615 
(1986-1990) based on shared floral characters, was not found in this study. In Carlsward’s et 616 
al. (2006) phylogeny, Gastrochilus grouped with Acampe, Staurochilus and Haraella, but not 617 
with Paraphalaenopsis. 618 
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In our nrITS tree, Holcoglossum was placed in the terete-leafed clade. This finding is in 619 
accordance with its terete leaves, which also occur in Luisia and Paraphalaenopsis. That 620 
Neofinetia is nested in the Vanda clade is somewhat surprising, because Neofinetia has white, 621 
night scented, long-spurred flowers that are probably pollinated by nocturnal Lepidoptera, 622 
whereas Vanda flowers have a bee-pollination syndrome. Occasionally, beetles have been 623 
observed on Neofinetia flowers (van der Cingel, 2001). There is only one additional genus in 624 
Aeridinae, Amesiella, with similar flower characteristics, but this genus was not found to be 625 
of close affinity to Neofinetia (Topik et al., 2005; Carlsward et al., 2006). This might be 626 
another example of pollinator-driven selection causing convergent evolution of floral forms 627 
within orchids. 628 
 629 
4.6. matK – a pseudogene? 630 
 631 
The matK open reading frame gene is part of the trnK intron. Functionally, it may be 632 
involved in splicing group II introns coding for tRNALys (UUU) and maturase (Neuhaus and 633 
Link, 1987; Mohr et al., 1993; Ems et al., 1995; McNeal et al., 2006). The trnK intron is one 634 
of the most commonly used markers in phylogeny reconstruction (e.g. Hilu et al., 2003 and 635 
citations therein). However, over the years matK has been suspected to be a pseudogene in 636 
orchids and in particular in Aeridinae (Jarrell et al., 2004). Arguments that support this view 637 
are low ts:tv ratios, low substitution rates at 3rd codon positions, and frequently occurring 638 
indels associated with frameshift mutations and stop codons. 639 
The ts:tv ratio of 1.12 found in this study is low when compared to coding gene regions of 640 
orchids, for example, rbcL (1.89, Arethuseae, Goldman et al., 2001; 1.70, Epidendroideae, 641 
van den Berg et al., 2005), but is similar to matK values of other orchids (0.85 in Coelogyne, 642 
Gravendeel et al. 2001; 0.66 in Maxillarieae, Whitten et al., 2000; 1.02, Arethuseae, Goldman 643 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 27 
et al. 2001; 1.01, Epidendroideae, van den Berg et al., 2005). The overall ts:tv matK ratio for 644 
all angiosperms is 1.275 (Hilu et al., 2003), which is low when compared to other genes. 645 
Hence, it might be that a low ts:tv ratio as a criterion for a pseudogene character of matK has 646 
been inapplicable. 647 
The number of variable sites of 160 steps at 3rd codon positions is nearly twice as high as 648 
at 1st and 2nd codon positions (86 and 93 respectively), but lower or similar to those reported 649 
in other orchid groups: 448 in Maxillarieae (ca. 1.3x compared to 1st or 2nd codon positions; 650 
Whitten et al., 2000), 260 in Epidendroideae (ca. 1.15x compared to 1st or 2nd codon 651 
positions; van den Berg et al., 2005) and 146 in Coelogyne (ca. 1.9x compared to 1st or 2nd 652 
codon positions; Gravendeel et al., 2001). The excess of 3rd codon position substitutions of 653 
other coding genes is usually 4-5x that of 1st or 2nd codon positions (rbcL, atpB; Savolainen 654 
et al., 2000, van den Berg et al., 2005). However, Hilu et al. (2003) showed that there was 655 
only a minimal excess of substitutions at 3rd codon position in a matK study of angiosperms. 656 
A low number of variable sites at 3rd codon position therefore seems another weak argument 657 
for the pseudogene status of matK in Aerides. 658 
The frame shift mutations found here only occurred in the Indian species of the Crispa 659 
clade. The 2 bp indel occured 20 bp from the 5’ end of the gene. Sequences of all other 660 
species were in reading frame. Jarrell et al. (2005) found indels mostly at the 5’ end, but these 661 
were 7, 8 or 10 bp long. It is known that next to functional matK copies, pseudogenic 662 
paralogs can be present in plant cells (Meimberg et al., 2006). With the methods used in our 663 
study we could not test whether there was more than one copy of matK present or whether the 664 
pseudogenic copy had been transferred to another genome as in Nepenthaceae (Meimberg et 665 
al. 2006). In the latter study, a transferred pseudogene copy was found for nearly each 666 
functional copy. Meimberg et al. (2006) warn using pseudogenes for phylogenetic analyses 667 
because these may lead to wrong topologies. We do not think that this applies to the Crispa 668 
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clade, though, as this particular clade was found in the analyses of both trnL-trnL-F and 669 
nrITS sequences. However, in a recent study on matK functionality Barthet and Hilu (2007) 670 
found a transcript product in the epidendroid orchid Spathoglottis plicata and concluded that 671 
matK is functional in orchids. 672 
 673 
4.7. The P8 stem loop length and the inversion of the trnL intron 674 
 675 
Most of the trnL intron length variation was caused by differences in the P8 stem loop 676 
region. The longest P8 found in our analysis was 639 bp (Luisia curtisii), which is 677 
substantially longer than the P8 stem loop region found in Orontium aquaticum (Araceae; 360 678 
bp), the longest P8 of angiosperms published so far (Quandt et al., 2004). The lengths of the 679 
P8 stem loop regions found in the ‘Aerides’ and ‘Crispa’ clades were higher than all the 680 
values published to date, whereas the shortest P8 found in the Fieldingia clade was only 200 681 
bp long, which is more similar to the other known P8 stem loops. For most of its length, P8 is 682 
composed of unalignable TA repeats that had to be excluded from all analyses. Slipped-strand 683 
mispairing (SSM) is a mechanistic explanation for the high repetition of AT- motifs 684 
(Levinson and Gutman, 1987). Differences between P8 stem-loop regions can evolve rather 685 
rapidly (Quandt et al., 2004) and cause huge length differences between taxa of the same 686 
genus, e.g. Holcoglossum, and between accessions of the same species e.g. Aerides 687 
quinquevulnera. Nevertheless, in our study the three Aerides clades were well characterised 688 
by P8 length classes, although within the Aerides clades marked length differences existed. 689 
The three species of Luisia sampled also seemed to share a similar P8 length of ± 600 bp. 690 
The second peculiarity of the P8 stem loop was a 70 bp long inversion. It occurred at the 691 
same position in several unrelated genera. This inversion also occurs in Acampe, Cleisostoma, 692 
Cordiglottis and Grosourdya (A. Kocyan, pers. obs.). Such changes of sequence progression 693 
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have drastic consequences on the pattern of secondary folding and, hence, on the correct 694 
splicing of a tRNA Leu group I intron. Correct splicing most likely depends on correct 695 
secondary and tertiary structure formation, perhaps facilitated by splicing factors and their 696 
interaction with some parts of the intron (see Quandt et al., 2004 and citations therein).  697 
To our knowledge, this is the first time length variation, secondary folding pattern and the 698 
possible phylogenetic use of the P8 region have been studied in orchids. The question remains 699 
whether it will be possible to understand the length evolution of P8 in a phylogenetic context 700 
or whether the SSMs are random and imprecise events lacking phylogenetic information. For 701 
Aeridinae, this remains to be seen because (1) the phylogeny of Aeridinae is not yet 702 
sufficiently robust and (2) the trnL sampling of Aeridinae is still too small. P8 stem loops of 703 
all genera should be sequenced for several species to obtain a thorough overview of the length 704 
variation within genera and its changes throughout time. 705 
 706 
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Figure legends: 916 
 917 
Fig. 1. Representatives of all four Aerides sections proposed by Christenson (1994) illustrated 918 
by one flower example per section. A. A. odorata (sect. Aerides). B. A. rubescens (sect. 919 
Rubescens). C. A. falcata var. houlletiana (sect. Falcata). D. A. fieldingii (sect. Fieldingia). 920 
 921 
Fig. 2. One of the maximum likelihood trees obtained under the GTR+G+I model using the 922 
combined plastid DNA data set. Numbers above branches are (1) BSPA, (2) BSML and (3) PP.  923 
 924 
Fig. 3. A maximum likelihood tree calculated with the nrITS sequence data. All clones (Cl) of 925 
Aerides odorata were excluded from the subsequent combined analysis because of 926 
topological discrepancy resulting from the potential pseudogene status of the ITS copies 927 
sequenced. Numbers above branches are (1) BSPA, (2) BSML and (3) PP. 928 
 929 
Fig. 4. The resulting phylogram (maximum likelihood) of the combined plastid and nrITS 930 
data. Arrows highlight inversions in the P8 of the trnL region. Numbers above branches are 931 
(1) BSPA, (2) BSML and (3) PP. Icons above branches in Aerides symbolyse the character 932 
combinations defining clades resulting from character state reconstruction: o = elongate, 933 
apically dilated column with a rostrate rostellum; * = flowers with a one lobed lip without 934 
articulation and with an underdeveloped column foot, a large epichile parallel with the 935 
column and a callus obstructing the spur's throat and a purple perianth; + = absence of a 936 
nectar cap in the spur;  = presence of a nectar cap in the spur. 937 
 938 
Fig. 5. Secondary structure models of the 70 bp long inversion region found in the P8 939 
segment of the trnL intron region. Aerides odorata does not have the inversion, whereas it 940 
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occurs in Aerides odorata var. bicuspidata. This results in an inversely orientated folding 941 
pattern. Arrows mark the beginning of the inverted region. 942 
 943 
Fig. 6. Proposed secondary structure of the P8 stem loop region of the trnL intron of 944 
representatives of the three size classes of Aerides. The P8.0 and P8.1 segments are identical 945 
in all three species, whereas the structure marked with an arrow occurs in Aerides odorata 946 
and A. sukauensis only. 947 
 948 
Fig. 7. A and B. Scanning electron microscopy pictures illustrating the spur features of 949 
Aerides ringens (A; sect. Crispa) and Aerides crassifolia (B; sect. Aerides). The arrow 950 
highlights the lateral flattening of the spur (A) and the nectar cover (B). Scale bars: 1 mm. C. 951 
Xylocopa sp. carpenter bee vising a flower of Aerides odorata. The bee pushes the spur 952 
upwards by clinging to the labellum to access the nectar. Photo credit: Abishkar Subedi. 953 
 954 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 40 
Table 1 955 
Schematic overview of generic concepts and subdivisions of Aerides as proposed by different orchidologists during the past two centuries. 956 
 957 
     
     
Lindley (1833) Bentham (1883) Pfitzer (1889) Hooker (1894) Christenson (1986, 1994) 
     
 
Aerides section Cuculla Blume 
A. taeniale Lindl. 
A. arachnites (Blume) Lindl. 
A. acuminatissimum (Blume) Lindl. 
A. amplexicaule (Blume) Lindl. 
A. obtusa (Blume) Lindl. 
A. purpurascens (Blume) Lindl. 
A. testacea Lindl. 
A. wightiana Lindl.1 
 
 
 
 
 
 
 
 
 
 
 
A. odorata Lour. 
 
 
 
 
 
A. crispa Lindl. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A. affine Lindl.2 
 
Aerides sectionTubera Blume 
A. minima (Blume) Lindl. 
A. spuria (Blume) Lindl. 
A. cylindrica Lindl. 
A. compressa (Blume) Lindl. 
A. teres (Blume) Lindl. 
A. tessellata Lindl. 
 
 
Doritis taenialis (Lindl.) Hook.f. 
 
 
 
 
 
Vanda testacea Rchb.f 
Vanda parviflora Lindl.  
 
Aerides section Planifoliae Benth. 
 
 
 
 
 
 
 
 
 
A. odorata Lour. 
A. quinquevulnera Lindl. 
A. virens Lindl. 
 
 
 
A. crispa Lindl. 
 
 
A. maculosa Lindl. 
 
 
 
 
A. japonica Linden & Rchb.f. 
 
Aerides section Teretifoliae Benth. 
A. mitrata Rchb.f. 
 
 
 
 
A. vandara Rchb.f. 
 
A. cylindrica Lindl. 
 
 
A. multiflora Roxb. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Aerides section Euaerides 
 
 
 
 
 
 
 
 
 
A. odorata Lour. 
A. quinquevulnera Lindl. 
A. virens Lindl. 
 
 
 
A. crispa Lindl. 
 
 
 
 
 
 
 
 
 
Aerides section Teretifolia Benth. 
A. mitrata Rchb.f. 
 
 
 
Aerides section Phalaenidium Pfitz. 
A. vandara Rchb.f. 
 
 
Aerides section Fieldingia Pfitz. 
A. fieldingii B.S. Williams  
 
 
 
 
 
 
 
 
 
 
Doritis taenialis (Lindl.) Hook.f. 
Sarcochilus arachnites Rchb.f. 
 
Sarcochilus lilacinus Griff. 
 
 
Vanda parviflora Lindl.  
 
 
Aerides section III Hook.f. 
 
 
A. emericii Rchb.f. 
 
 
 
 
 
 
A. odorata Lour. 
 
 
A. suavissima Lindl. 3 
 
Aerides section II Hook.f. 
A. crispa Lindl. 
A. crassifolia Par. ex Burbidge 
A. falcata Lindl. 
A. maculosa Lindl. 
A. radicosa A.Rich. 4 
A. lineare Hook.f. 5 
 
 
 
 
 
A. mitrata Rchb.f. 
 
 
 
Aerides section I Hook.f. 
A. vandara Rchb. f. 
A. longicornu J.D. Hook. 
 
Aerides section II Hook.f. 
A. fieldingii Lodd. ex E.Morren 6 
A. multiflora Roxb. 
 
 
Aerides section I Hook.f. 
 
 
A. cylindrica Lindl. 
 
 
Vanda roxburghii R.Br.  
 
 
Phalaenopsis taenialis (Lindl.) Christenson & Pradhan 
Thrixspermum centipeda Lour. 
Thrixspermum acuminatissimum (Blume) Rchb.f. 
Thrixspermum amplixicaule (Blume) Rchb.f. 
Thrixspermum obtusum (Blume) Rchb.f. 
Thrixspermum purpurascens (Blume) Rchb.f. 
Vanda testacea Lindl. 
 
 
Aerides section Aerides 
A. augustiana Rolfe 
A. burbidgei Rchb.f. ex E.A.Christ. (ined.) 
A. emericii Rchb.f. 
A. inflexa Teijsm. & Binn. 
A. lawrenciae Rchb.f. 
A. leeana Rchb.f. 
A. thibautiana Rchb.f. 
A. timorana Miq. 
 
A. odorata Lour. 
A. quinquevulnera Lindl. 
 
 
 
Aerides section Falcata Christenson 
A. crispa Lindl. 
A. crassifolia C.S.P.Parish ex Burb. 
A. falcata Lindl. & Paxt. 
A. maculosa Lindl. 
A. ringens (Lindl.) C.E.C.Fisch. 
 
 
 
Sedirea japonica (Rchb.f.) Garay & H.R.Sweet 
 
 
Seidenfadenia mitrata (Rchb.f.) Garay 
 
 
 
 
Papilionanthe vandarum (Rchb.f.) Garay 
Papilionanthe uniflora (Lindl.) Garay 
 
Aerides section Fieldingia Pfitzer emend Christenson. 
A. rosea Lindl. & Paxton 
A. multiflora Roxb. 
A. krabiensis Seidenf. 
 
 
Chroniochilus minimus (Blume) J.J. Sm. 
Dendrobium spurium (Blume) J.J. Sm. 
Papilionanthe subulata (Koen.) Garay 
Pteroceras compressum (Blume) Holttum 
Pteroceras teres (Blume) Holttum 
Vanda thwaitesii Hook.f. 
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A. pusilla Lindl. 
A. emarginata (Blume) Lindl. 
A. pallida (Blume) Lindl. 
 
Aerides section Fornicaria Blume 
A. anceps (Blume) Lindl. 
A. angustifolia (Blume) Lindl. 
A. hystrix (Blume) Lindl. 
A. subulata (Blume) Lindl. 
 
Aerides section Pilearia Lindl. 
A. appendiculata Lindl. 
 
 
Aerides section Ornithochilus Wall. 
A. difformis Wall. ex Lindl. 
 
 
 
 
 
 
 
 
 
Ornithochilus hystrix (Lindl.) Schltr. 
 
 
 
Cleisostoma appendiculatum (Lindl.) Benth. & 
Hook.f. ex B.D.Jacks. 
 
 
Ornithochilus difformis (Lindl.) Schltr. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Aerides section Ornithochilus Wall. 
 
 
 
 
Sarcochilus roxburghii Hook.f. 
 
 
 
 
Sarcochilus hystrix Rchb.f. 
 
 
 
Sarcanthus appendiculatus Hook.f. 
 
 
 
Ornithochilus fuscus Wall. 
Grosourdya appendiculatum (Blume) Rchb.f. 
Grosourdya emarginata (Blume) Rchb.f. 
Pteroceras pallidum (Blume) Holtt. 
 
 
Thrixspermum anceps (Blume) Rchb.f. 
Thrixspermum angustifolium (Blume) Rchb.f 
Thrixspermum hystrix (Blume) Rchb.f. 
Thrixspermum subulatum (Blume) Rchb.f. 
 
 
Cleisostoma appendiculatum (Lindl.) Benth. 
& Hook.f. ex B.D.Jacks. 
 
 
Ornithochilus difformis (Lindl.) Schltr. 
 
Aerides section Rubescens Christenson 
A. rubescens (Rolfe) Schltr. 
 
     
 958 
1 Aerides wightiana Lindl. was synonymised with A. testacea Rchb.f. by later authors before the transfer to Vanda  959 
2 Aerides affine Lindl. was synonymised with A. multiflora Roxb. by later authors 960 
3Aerides suavissima Lindl. was synonymised with A. odorata Lour. by later authors 961 
4A. radicosa A.Rich. was synonymised with A. ringens (Lindl.) C.E.C.Fisch. by later authors 962 
5Aerides lineare Hook. f. was synonymised with A. ringens (Lindl.) C.E.C.Fisch. by later authors 963 
6 Aerides fieldingii Lodd. ex E.Morren was synonymised with A. rosea Lindl. ex Paxton by later authors 964 
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Table 2 965 
Species and gene regions sequenced for this study, voucher information, geographic origin, geographic range and GenBank accession numbers. 966 
Herbarium acronyms follow the Index Herbariorum at http://sciweb.nybg.org/science2/IndexHerbariorum.asp. BG = botanical garden. Cl = clone. 967 
Sectional assignments are those of the classification of Christenson (1994). 968 
Species Voucher Geographic origin 
of the sequenced 
material 
Geographic range matK gene trnL intron trnL-F spacer nrITS 
sect. Aerides        
Aerides emericii Rchb.f. Tropical Botanic Garden and Research 
Institute, Trivandrum, India 
Andaman/Nicobar 
Islands 
Andaman/Nicobar 
Islands 
EF655792 - - EF670320 
Aerides huttonii (Hook.f.) 
H.J.Veitch 
BG Singapore, SBGO 5407 (SING) Sulawesi Sulawesi EF655816 EF670400 EF670400 EF670321 
Aerides inflexa Teijsm. & Binn. Leiden cult., 931092 (L) Sulawesi Sulawesi EF655775 EF670391 EF670391 EF670322 
Aerides lawrenciae Rchb.f. BG Basel, s.n. (Z) unknown Philippines EF655781 EF670393 EF670393 EF670328 
Aerides aff. lawrencieae BG Singapore, SB050 (Z) Sulawesi - EF655814 EF670399 EF670399 EF670338, EF670339 Cl1 
Aerides leeana Rchb.f. (AP29) s.n. (M) unknown Philippines EF655797 EF670396 EF670396 EF670323 
Aerides leeana Rchb.f. (AP37) BG Munich, s.n. (M) unknown Philippines EF655801 EF670397 EF670397 EF670324 Cl1, EF670325 Cl2, 
EF670326 Cl3, EF670327 Cl 8 
Aerides odorata Lour. Leiden cult. 970160 (L) Sarawak Assam, Bangladesh, 
South China, India, 
Indonesia, Laos, 
Myanmar, Nepal, 
Thailand, Vietnam 
EF655772 EF670389 EF670389 EF670329 Cl2, EF670330 Cl3, 
EF670331 Cl4 
Aerides odorata var. 
bicuspidata Hook.f. 
BG Basel, AK247 (Z)  unknown North Thailand EF655815 EF670390 EF670390 EF670332 Cl5, EF670333 Cl6, 
EF670334 Cl7 
Aerides quinquevulnera Lindl. 
(AP22) 
Royal Botanic Gardens Sydney, 
619339 (NSW) 
Philippines Philippines EF655790 EF670394 EF670394 - 
Aerides quinquevulnera Lindl. 
(AP55) 
BG Munich, AK142 (M) Philippines Philippines EF655808 EF670395 EF670395 EF670335 
Aerides thibautiana Rchb.f. BG Singapore, SBGO 4670 (SING) Sulawesi Sulawesi EF655813 EF670398 EF670398 EF670336, EF670337 Cl2 
        
sect. Fieldingia        
Aerides krabiensis Seidenf. BG Basel, 245/00WP (Z) Thailand Malaysia, Thailand EF655784 EF670404 EF670404 EF670341 
Aerides multiflora Roxb. Leiden cult. 920432 (L) Thailand Assam, Bangladesh, 
Bhutan, India, Laos, 
Cambodia, Myanmar, 
Nepal, Thailand, 
Vietnam 
AY557201 EF670403 EF670403 EF670342, EF670343 Cl2, 
EF670344 Cl3, EF670345 Cl4, 
EF670346 Cl5, EF670347 Cl6, 
EF670348 Cl7, EF670349 Cl8 
Aerides rosea Lind. & Paxt. BG Basel, 1427/99-P (Z) unknown Bhutan, China, India, 
Laos, Myanmar, 
EF655787 EF670405 EF670405 EF670340 
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Thailand, Vietnam 
        
sect. Falcata        
Aerides crassifolia C.S.P.Parish 
ex Burb. 
BG Basel, 2358/99-P (Z) unknown Laos, Malaysia, 
Thailand, Vietnam 
EF655785 EF670402 EF670402 EF670350 
Aerides crispa Lindl. 1) Tropical Botanic Garden and 
Research Institute, Trivandrum, India 
2) s.n. (Z) 
1)India 
2)unknown 
India 2) EF655793 1) EF670407 1) EF670407 1) EF670351 
Aerides falcata var. houlletiana 
Lindl. & Paxton 
Leiden cult. 30371 (L) Vietnam Laos, Thailand, 
Vietnam 
EF655774 EF670401 EF670401 EF670352 
Aerides ringens (Lindl.) 
C.E.C.Fisch. 
Tropical Botanic Garden and Research 
Institute, Trivandrum, India 
India India, Sri Lanka EF655791 EF670406 EF670406 EF670353 
        
sect. Rubescens        
Aerides rubescens (Rolfe) 
Schltr. 
Leiden cult. 970817 (L) unknown Vietnam EF655779 EF670392 EF670392 EF670354 
        
unplaced        
Aerides sukauensis Shim Shim SAN 142646 (SAN) Sabah Sabah EF655810 EF670408 EF670408 EF670355 
        
non Aerides Aeridinae        
Ascocentrum curvifolium 
(Lindl.) Schltr. ex Prain 
BG Basel, 1446/99WP (Z) Thailand Assam, Laos, 
Myanmar, Thailand, 
Vietnam 
EF655789 EF670423 EF670423 EF670356 
Christensonia vietnamica 
Haager 
Leiden cult. 200 101 53 (L)  Vietnam EF655803 EF670413 EF670413 EF670357 
Dimorphorchis rossii var. 
graciliscapa A.L.Lamb & Shim 
BG Heidelberg 122351 Sabah Borneo EF655807 EF670429 EF670429 EF670358 
Holcoglossum kimballianum 
(Rchb.f.) Garay 
AK010825/1/01 (Z) unknown Yunnan, Laos, 
Myanmar, Thailand 
EF655783 EF670419 EF670419 EF670359 
Holcoglossum subulifolium 
(Rchb.f.) Christenson 
BG Munich, s.n (M) unknown Hainan, Myanmar, 
Thailand, Vietnam 
- EF670409 EF670409 EF670360 
Luisia curtisii Seidenf. BG Zurich, 20020090 (Z) unknown Thailand, Vietnam, 
Borneo, Malaysia, 
Philippines, Sumatra 
EF655799 EF670427 EF670427 - 
Luisia trichorrhiza (Hook.) 
Blume 
BG St. Gallen, 7856 (Z) unknown India, Nepal, 
Myanmar, Thailand 
EF655800 EF670428 EF670428 - 
Luisia tristis (G. Forst.) Hook.f. BG Basel, 202/84WP (Z) New Caledonia Southeast Asia, Pacific 
Island 
EF655788 EF670426 EF670426 EF670361 
Neofinetia falcata (Thunb.) Hu AK010824/1/01 (Z) unknown China, Japan, Korea EF655782 EF670421 EF670421 EF670362 
Paraphalaenopsis labukensis 
Shim, A.L.Lamb & C.L.Chan 
Leiden cult. 26805 (L) Brunei Borneo EF655776 EF670425 EF670425 EF670363 
Pomatocalpa diffusum Breda - Sabah Thailand, Borneo, EF655812 EF670432 EF670432 EF670364 
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Java, Malaysia, 
Philippines, Sulawesi, 
Sumatra 
Pomatocalpa spicatum Breda, 
Kuhl & Hasselt 
- Sabah Assam, Laos, 
Thailand, Myanmar, 
Vietnam, Borneo, 
Java, Malaysia, 
Philippines, Sulawesi, 
Sumatra 
EF655811 EF670431 EF670431 EF670365 
Rhynchostylis gigantea (Lindl.) 
Ridl. 
Leiden cult. 913013 (L) unknown Hainan, Cambodia, 
Laos, Myanmar, 
Thailand, Vietnam, 
Borneo, Malaysia, 
Philippines 
AY557202 EF670411 EF670411 EF670366 
Rhynchostylis retusa (L.) Blume BG Basel, 1469/99 (Z) unknown Southeast Asia EF655804 EF670424 EF670424 - 
Sedirea japonica (Rchb.f.) 
Garay & H.R.Sweet 
s.n. (Z) unknown Japan, Korea EF655794 EF670433 EF670433 EF670378 
Seidenfadenia mitrata (Rchb.f.) 
Garay 
- unknown Myanmar EF655795 EF670414 EF670414 EF670379, EF670380 Cl1, 
EF670381 Cl2, EF670382 Cl4, 
EF670383 Cl5, EF670384 Cl6 
Smitinandia micrantha (Lindl.) 
Holttum 
BG Zurich, AK030429/1/01 (Z) unknown Yunnan, Assam, 
Bangladesh, India, 
Nepal, Cambodia, 
Laos, Myanmar, 
Thailand, Vietnam, 
Borneo, Malaysia 
EF655798 EF670415 EF670415 EF670385 
Stereochilus dalatensis 
(Guillaumin) Garay 
s.n. (Z) unknown Thailand, Vietnam EF655796 EF670420 EF670420 EF670386 
Thrixspermum sp.  Leiden cult. 980162 (L) Sarawak - EF655780 EF670412 EF670412 EF670367 
Trichoglottis bipunctata 
(C.S.P.Parish & Rchb.f.) Tang 
& F.T.Wang 
AK157 (M) Thailand Mynmar, Thailand, 
Malaysia 
EF655809 EF670430 EF670430 - 
Vanda (= Aerides) flabellata 
(Rolfe ex Downie) Christenson 
BG Basel, 1039/97 (Z) unknown Yunnan, Laos, 
Myanmar, Thailand 
EF655786 EF670410 EF670410 EF670368 Cl21, EF670369 Cl23, 
EF670370 Cl 27, EF670371 Cl 29 
Vanda pumila Hook.f. s.n. (Z) Thailand Hubei, Hainan, Assam, 
Nepal, Laos, 
Myanmar, Thailand, 
Vietnam, Sumatra 
EF655802 - EF670416 EF670372 
Vanda tricolor Lindl. Leiden cult. 913067 (L) Bali Laos, Java,  EF655777 EF670422 EF670422 EF670373 Cl6, EF670374 Cl7, 
EF670375 Cl23 
Vandopsis gigantea (Lindl.) 
Pfitzer 
BG Zurich, s.n. (Z) unknown Yunnan, Guangxi, 
Bangladesh, Laos, 
Myanmar, Thailand, 
EF655805 EF670417 EF670417 EF670376 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 45 
Vietnam, Malaysia 
Vandopsis lissochiloides 
(Gaudich.) Pfitzer 
BG Munich, s.n. (M) unknown Laos, Thailand, 
Molucca, Philippines, 
Sulawesi, New Guinea 
EF655806 EF670418 EF670418 EF670377 
Outgroup        
        
Ancistrorhynchus cephalotes 
(Rchb.f.) Summerh. 
BG Munich, 9.1.2004, Gerlach No. 610 
(M) 
unknown West Africa EF655817 EF670435 EF670435 EF670387 
Collabium simplex Rchb.f. AK991017/1/04 (Z) Sabah Borneo, Java, 
Malaysia, Sulawesi, 
Sumatra 
AY557200 EF670434 EF670434 EF670388 
 969 
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Table 3 970 
The lengths of the P8 region of the taxa included in this study. 971 
 972 
Species P8 length 
sect. Aerides 973 
Aerides huttonii, Aerides inflexa, Aerides 
lawrenciae, Aerides aff. lawrenciae, Aerides 
leeana, Aerides odorata var. bicuspidata, Aerides 
odorata, Aerides rubescens, Aerides thibautiana 
450 bp 
Aerides quinquevulnera 438 bp, 448 bp 
 974 
sect. Fieldingia 975 
Aerides fieldingii 200 bp 
Aerides krabiensis 217 bp 
Aerides multiflora 216 bp 
 976 
sect. Crispa 977 
Aerides crispum 484 bp 
Aerides ringens 496 bp 
Aerides sukauensis 479 bp 
 978 
non Aerides Aeridinae 979 
Ascocentrum curvifolium 494 bp 
Christensonia vietnamica 497 bp 
Dimorphorchis rossii 519 bp 
Holcoglossum kimballianum 629 bp 
Holcoglossum subulifolium 467 bp 
Luisia curtisii 639 bp 
Luisia trichorrhiza 605 bp 
Luisia tristiis 596 bp 
Neofinetia falcata 497 bp 
Paraphalaenopsis labukensis 507 bp 
Pomatocalpa diffusum 471 bp 
Pomatocalpa spicatum 490 bp 
Rhynchostylis gigantea 479 bp 
Rhynchostylis retusa 501 bp 
Sedirea japonica 473 bp 
Seidenfadenia mitrata 490 bp 
Smitinandia micrantha 481 bp 
Stereochilus dalatensis 471 bp 
Thrixspermum sp. 435 bp 
Trichoglottis bipunctata 531 bp 
Vanda flabellata 477 bp 
Vanda tricolor 517 bp 
Vandopsis gigantea 482 bp 
Vandopsis lissochilus 471 bp 
 980 
outgroup taxa 981 
Ancistrorhynchus cephalotes 619 bp 
Collabium simplex 512 bp 
 982 
 983 
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